Detection and treatment of intravascular thrombi with magnetofluorescent nanoparticles.
Thrombosis, the formation of a clot within a blood vessel, underlies a number of life-threatening cardiovascular disorders such as heart attack, ischemic stroke, pulmonary embolism, and deep vein thrombosis. These conditions affect the lives of millions of people worldwide and result in significant morbidity and mortality. It is thus crucial to develop novel methodologies to enhance the detection and treatment of these disorders. Thrombolysis, or the dissolution of blood clots, relies upon the administration of exogenous plasminogen activators (PAs) that lyse fibrin. Yet, there are several drawbacks to the use of current PAs, including significant risks of uncontrolled bleeding and suboptimal efficacy and pharmacokinetics. Nanomaterials are well positioned to address these priority issues in thrombolysis, via the alteration of PA pharmacokinetics and biodistribution. Additionally, due to the multifunctional nature of nanoparticles, these thrombolytics may be targeted to the site of occlusion, effectively concentrating the drug where it is most needed. Herein, we describe the methodology associated with the synthesis of a novel thrombus-targeted fibrinolytic nanoagent. At each step of the synthesis, we analyze the nanomaterials, including their physical properties and their ability to bind to thrombosis targets of interest. The effect of the conjugation of tPA to the nanoparticle surface on the amidolytic and fibrinolytic activities of nanoagents is also investigated. Lastly, the in vivo binding of the targeted thrombolytic to intravascular thrombi is examined.